Abstract We present a calculation of the generalized parton distributions of the photon using overlaps of photon light-front wave functions.
initial and final (real) photon. The result was interpreted at leading logarithmic order as a factorized form of the scattering amplitude in terms of a hard handbag diagram and the generalized parton distributions of the photon. This was shown at leading order in α and zeroth order in α s when the momentum transfer was purely in the longitudinal direction. The GPDs show logarithmic scale dependence already in parton model, like the photon structure functions. They are interesting as they can be calculated in perturbation theory and can act as theoretical tools to understand the basic properties of GPDs like polynomiality and positivity. Beyond leading logarithmic order one would need to include the non-pointlike hadronic contribution which will be model dependent. It is interesting to access the partonic structure of the photon probed in high energy processes, and photon GPDs can shed more light on the partonic content of the photon.
Generalized Parton Distributions of the Photon
The GPDs for the photon are defined as [4] :
F q contributes when the photon is unpolarized andF q is the contribution from the polarized photon. The second is extracted from the terms containing ǫ
λ in the amplitude [4] . λ is the helicity of the photon. We consider the terms where the photon helicity is not flipped. We have chosen the light-front gauge A + = 0. F q andF q can be calculated using the Fock space expansion of the state. Two-particle light-front wave functions of the photon can be calculated analytically in perturbation theory and are boost invariant.
We calculate the above matrix elements using the overlaps of photon light-front wave functions at leading order in α and zeroth order in α s , keeping leading logarithmic terms. However, we keep the quark mass terms in the vertex. The results are scale dependent, this scale dependence in our approach comes from the upper limit of the transverse momentum integration Λ = Q. There is a lower cutoff on the transverse momentum, which can be taken to zero as long as the quark mass is nonzero. Leading order evolution of the photon GPDs has been calculated in [4] for non-zero ζ. The mass terms in the vertex give subdominant contributions. The analytic expressions for the photon GPDs can be found in [5] . Here we give the numerical results.
In analogy with the impact parameter dependent parton distribution of the proton, we introduce the same for the photon. By taking a Fourier transform with respect to the transverse momentum transfer ∆ ⊥ we get the GPDs in the transverse impact parameter space.
where J 0 (z) is the Bessel function; ∆ = |∆ ⊥ | and b = |b ⊥ |. In the numerical calculation, we have introduced a maximum limit ∆ max of the ∆ integration which we restrict to satisfy the kinematics −t << Q 2 [3; 6] . q(x, b ⊥ ) gives the distribution of partonsin the photon. Like the proton, this interpretation holds in the infinite momentum frame and there is no relativistic correction to this identification in light-front formalism.
We have plotted the unpolarized GPD F q and the polarized GPDF q for the photon respectively in Fig. 1 as functions of x and for different values of t = −(∆ ⊥ ) 2 . In all plots we took the momentum transfer to be purely in the transverse direction. We took the mass of the quark as well as antiquark to be m = 3.3 MeV; Λ = Q = 2GeV. We divided the GPDs by the normalization constant to compare with [4] in the limit of zero t. At larger values of x, most of the momentum is carried by the quark in the photon and the GPDs become independent of t. The Fourier transform (FT) of the unpolarized GPD F q is plotted in Fig. 2 and polarized GPDF q is plotted in Fig. 3 . In all plots we have taken 0 < x < 1 for which the contribution comes from the active quark in the photon (qq). The smearing in b ⊥ space reveals the partonic substructure of the photon and shows its 'shape' in transverse position space. The behavior of the photon GPDs in impact parameter space is qualitatively different from phenomenological models of proton GPDs [6] . In the phenomenological parametrization of proton GPDs where spectator model with Regge-type modification was used, the u quark GPDs increase with increasing x for fixed b, reaches a maximum, then decrease. The peak decreases with increasing b [6] . In the case of a photon the distribution in b space purely reveals the internalstructure of the photon. Near x ≈ 1/2 the peak in b space is very broad which means that the parton distribution is more dispersed when the q andq share almost equal momenta. The slope of the polarized distribution decreases for higher b. The sign of the GPD changes at x = 1/2, at which point the GPD and the pdf in impact parameter space becomes zero. 
Conclusion
We discussed a calculation of the generalized parton distributions of the photon, both polarized and unpolarized. We took the momentum transfer in the transverse direction is non-zero. We calculated at zeroth order in α s and leading order in α; also at leading logarithmic order; we kept the mass terms at the vertex. We took the skewness to be zero. Taking a Fourier transform with respect to the momentum transfer in the transverse direction we obtain impact parameter dependent parton distribution of the photon. These give a unique picture of the photon in transverse position space.
